Abstract. 2014 In this paper radial localization probability and probability in velocity space (velocity distribution function) for an electron staying in the Kepler orbit of specified angular momentum (of specified eccentricity) were derived from classical equations of motion. Probabilities for a microcanonical set of Kepler orbits and for a zero angular momentum free-fall orbit were also calculated. It is pointed out that from the point of view of consistency of classical theory the free-fall distribution should be used in binary encounter description of atomic collisions.
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where 7~ (~) is the binary cross section for a collision with an atomic electron of velocity v, and f ~t(ve ) is the electron velocity distribution function. The latter describes the behaviour of electrons in the target atom (molecule). Since the behaviour of electrons in different atoms (molecules) is different, the electron velocity function ¡at(ve) should be in each of the investigated cases specified separately. Sometimes In such a case :
and the velocity distribution function assumes the form :
Sometimes one can be interested in the collision with an atom which is just emitting the quantum, then the values of L and E are somewhere between those determined by the integers n and l. Then the velocity distribution function as given by equation (13) where p(u) )mier represents the average for orbits of the same E and of different L (i.e. of different eccentricities)
Performing integration, one finds that This is the distribution which, being called the microcanonical distribution, is the same as given by quantum mechanics for the target momentum density and which is commonly used for description of the ground-state atomic system in atomic collisions calculations, including classical calculations (see for instance Abrines and Percival [8] ).
There are atomic collision processes which depend upon localization of the collision between the projectile and atomic electron with respect to the nucleus : inner shell ionization by heavy charged particles correlated with the deflection of the ionizing particle in the field of nucleus is among them. To describe the processes of this type within b.e.a., it is necessary to know the radial localization probability. The latter can be easily derived from equation (8) taking into account that in orbital motion t and r are given by equation (2) . In result, we obtain : where p is the distance from nucleus in relative units :
For the free-fall orbit and for microcanonical distribution function the radial localization probabilities respectively are :
The derived probability functions are shown in figures 1 and 2. (14) and (23) should be used in classical atomic collision calculations for description of the ground-state hydrogen atom and hydrogen-like ions [9] .
In the case of many electron atoms, one arrives to a similar conclusion -p(u) )m'~' and p(p) )mier cannot represent the atom in classical atomic collision calculations [10] .
The answer to the question : what velocity distribution and radial localization probability can represent the atom ? -may only be found by comparing the results of consistent collision theory with the experimental data.
Recent progress in the technique of atomic collision experiments, particularly development of high energy electron Compton scattering [11, 12] assorted with (e, 2 e) coincidence measurements and inner shell ionization by protons correlated with deflection of the latter in the field of nucleus [13, 14] form grounds for precise answering of this important question of atomic physics.
